 (J Epidemiol Community Health 1998;52:247-252) 
Knowledge of the range of activities and the costs of health care services is essential for promoting eYcient health care delivery. Such information can be produced in many ways, but one useful method is to condense the enormous variety of hospital patient cases into clinically similar groups that use similar amounts of resources. Substantial international experience in this field of case mix measurement has been gained using Diagnosis Related Groups (DRGs), 1 and the process of measurement has been facilitated in the National Health Service (NHS) for inpatient care by the creation of Healthcare Resource Groups (HRGs). 2 Development of measures for outpatient care has hitherto not been a priority, primarily because the acute sector involves much higher costs, but also because there are many conceptual and practical diYculties involved in capturing and classifying clinical activity data in outpatients. 3 However, recent developments suggest that extension of case mix measurement to the outpatient setting may now be desirable. 4 Firstly, there is pressure on hospitals to manage more patients in ambulatory (day care, day case, and outpatient) care. Better patient based information on activities and costs is therefore required, for the planning, monitoring, and resourcing of such care. Secondly, the system of contracts between providers and health care commissioning organisations and general practitioner fund holders means that there is now a need to define, identify, and classify the nature of outpatient services.
Continuing refinement of outpatient contracts only serves to heighten the requirement to have case mix information available. There may be advantages to both providers and purchasers in the ability to establish diVerent prices for outpatient visits according to the character of the visit; for example, whether a procedure was undertaken, whether the visit involved a diagnostic assessment, or whether a visit was simply to monitor patient management.
Researchers in the United States have developed several ambulatory case mix measures, notably Ambulatory Visit Groups (AVGs) 5 and Ambulatory Patient Groups (APGs). 6 The purposes and characteristics of these systems have been described elsewhere. [7] [8] [9] Briefly, AVGs were developed using clusters of related diagnoses, with groups subdivided on the basis of variations in costs for procedure groups, or variations in physician time for medical groups. APGs were derived on the basis of cost variation, after clustering of clinically related ambulatory procedures (procedure APGs), and clinically similar ICD-9-CM diagnoses (medical APGs). Thus, the objective of both systems is to explain variations in resource use rather than identify what resource use ought to be.
However, an essential diVerence between them is that AVGs were designed as product definitions of oYce based specialists' services, while APGs were created for prospective reimbursement for hospital based outpatient care. As a result, APGs cover a wider range of procedures and, unlike AVGs or DRGs, permit cases to be assigned more than one procedure group. Although AVGs have not been used in practice, several APG projects have been undertaken, for example in Australia. 10 These ambulatory measures could be adapted to create a system for the NHS, in a similar way to that by which DRGs were used as a basis for developing HRGs. 11 12 They rely on diagnostic and procedure data, however, which are not routinely collected in NHS outpatient clinics. Thus, consideration of these measures would need to bear in mind the question of information availability.
The problem of data requirements does not by itself rule out use of either system. Both the costs and the benefits of implementing and using a case mix measure must be taken into account. An important prior question is the extent to which either measure is useful in a UK clinical practice setting. In particular, their ability to explain variations in resource use is perhaps the most important attribute to be assessed. As part of an evaluative study of ambulatory case mix measures conducted on behalf of the National Casemix OYce, this paper describes how well each measure performed on an ophthalmology data set and discusses the usefulness of case mix for purchasing.
Methods
The study collected data in two stages from the clinics of three consultants at Sunderland Eye Infirmary, South Tyneside District Hospital, Dryburn Hospital, and Hartlepool General Hospital. Firstly, data were collected for one week in February 1993. An outpatient clinic data collection form was used, which was a modified version of a form already in routine use as an audit tool for new outpatient cases. The data collection method proved satisfactory and it was subsequently used in the main study, which was undertaken over two weeks in March and April 1993.
Data were collected on date of birth, sex, date seen, clinician seen, source of referral, visit type, diagnosis, investigations, procedures, clinician consultation time, nurse time, and management intention. Diagnoses were written in freehand text on the outpatient clinic form and coded to ICD-9 after the clinic sessions by an audit assistant. These were subsequently recoded to ICD-9-CM, as this is required by the AVG and APG grouping software.
The AVG and APG software also require procedures to be coded using a classification used for payment of ambulatory surgery in the United States, the Current Procedural Terminology, Version 4 (CPT-4). 13 This was also felt by the participating clinicians to describe outpatient clinical practice better than the OPCS-4 operative classification. Therefore, procedures were recorded using CPT-4 descriptions and codes were added by the audit assistant after clinic sessions.
In addition, clinicians recorded the time they spent in face to face contact with patients, to the nearest minute. Nurse times were collected separately, using a system already in routine use in the hospital that records various activities that are allocated standard units of six minutes.
Cost data were produced by the Finance Department of Sunderland District General Hospital for a pre-specified list of procedures and investigations after data collection was complete. These were calculated by determining standard variable costs for quantities of consumables involved, using estimates obtained from supplies and pharmacy departments. Therefore, no allowances were made for indirect costs such as depreciation of machinery or clerical staV time.
In determining a cost for each patient visit, values for clinical and nurse time were added to procedure and investigation costs. Clinician costs for four grades of staV were based on the midpoint of average hourly cost from 1993/4 pay scales. These were subsequently translated into costs per minute, as follows: Nurse costs for five staV grades were based on the midpoint of average hourly cost from 1993/4 pay scales. They were also translated into costs per minute.
All items of data were entered into a single database for analysis. From this, the relevant data, comprising diagnosis, procedures, age, and sex for grouping visits to AVGs and APGs, were extracted.
The ability of AVGs and APGs to explain variation in resource use was investigated using analysis of variance (ANOVA) with consultation time and visit cost as the dependent variables. Previous work 14 indicated that considerable variability among clinicians could be expected. Therefore, diVerences between individual clinicians were taken account of in the model and the relative importance of case mix and individual clinician behaviour was assessed by fitting these two variables sequentially into the ANOVA model in both possible ordersclinician followed by case mix group and case mix group followed by clinician. To ensure sufficient number of cases within AVG and APG categories, groups containing less than eight cases were combined to form a single group.
Another aim was to assess whether the basic character of the outpatient visit, rather than its clinical characteristics, could be used in contract setting and pricing. Six patient type categories were constructed with input from the lead clinician before data collection, and tested in a similar fashion to AVGs and APGs. These categories were: new visit; review: diagnostic assessment; review: follow up after diagnostic assessment; review: procedure/ treatment; review: follow up after procedure; monitoring. Note that these categories do not require information on diagnosis or procedure.
Results
Consultation times were recorded for 330 consecutive visits to the outpatient clinics of three consultants. Of these, five cases could not be assigned a valid AVG or APG or both because of missing diagnostic information. The analyses reported in the rest of this paper therefore cover 325 visits.
Thirty four diVerent AVGs and 28 diVerent APGs described total workload during the course of the study. Tables 1 and 2 show details of the most frequent AVGs and APGs. With AVGs, there was a more even spread of visits across diVerent groups, with review patients making up the bulk of the workload. The most frequent AVGs were AVG 0223 (review, other anterior segment and optic nerve) and AVG 0222 (review, cataract, aphakia and pseudophakia), which together described around 50% of all visits.
Mean consultation times varied from 5.7 minutes for AVG 0220 (review, external eye disorders) to 19.6 minutes for AVG 0245 (procedure, anterior segment, other, class 1). Average visit cost varied from £2.79 for AVG 0220 to £10.01 for the "other" AVGs, which contained high costs for two AVGs in particular: AVG 0255 (procedure, plastic and reconstructive eye, class 3) and AVG 0265 (procedure, other diagnostic eye procedures, class 2).
With APGs, most visits were grouped into either one of two medical APGs or one procedure APG. The most frequent APGs were APG 754 (eye disease except cataract, refraction disorder, and conjunctivitis) and APG 751 (cataracts), which together described in excess of two thirds of all visits.
Mean consultation
APGs grouped all visits at which a procedure took place into procedure groups. By contrast, the structure of the AVG grouper resulted in such visits being assigned to AVG procedure groups in only 25% of the cases: the remainder were assigned to diagnostic groups. Procedures that were always assigned to non-procedure AVG groups included visual field examination, dilate tear duct opening, revise eyelashes, eye examination and treatment, and rbc sedimentation rate. Other procedures, such as removal of foreign body, excision of chalazion, and repair of ectropion, and investigations such as electroretinograpy and anterior segment photography, were also assigned on the basis of diagnosis if the diagnosis was inappropriate, according to the AVG system, for the procedure or investigation.
The distribution of consultation times and costs for AVGs and APGs varied from group to group. Figure 1 shows examples of the distributions for cost and time according to AVGs and APGs. In general, the distributions were skewed to the left, and times were clustered around five, 10, and 15 minutes. To take account of the skew, the data were transformed by taking their logarithm before carrying out analysis of variance (ANOVA). Table 3 shows the results from one way ANOVA of the dependent variables consulta- tion time and visit cost, using as explanatory variables the two case mix measures. AVGs explained a significant amount of variation in both variables, while APGs explained variation only in cost. Table 3 also shows a one way ANOVA for time and cost using the individual clinician as the explanatory variable. This also explained a significant amount of the variance of both dependent variables. Indeed, for the time variable it explained more of the variance than either of the case mix measures. A two way ANOVA model was therefore fitted. The results were similar for both orders of model fitting; both case mix and clinician variables retained their ability to explain a significant amount of the variance. Indeed, the mean sums of squares (MSS) and the F ratios actually increased for the time variable and for cost analysed by APG; for cost analysed by AVG the MSS fell very slightly, although the F ratios were higher. It may be concluded that the differences between clinicians could not be explained by diVerences in case mix. Table 4 shows the two way model in which variation between clinicians was incorporated first into the model. The results, after controlling for diVerences between clinicians, are similar to those obtained in the one way ANOVA; AVGs performed better than APGs in explaining time variation, while the reverse was true for visit cost.
The influence of doctor grade and patient age on the length of consultation time was also investigated as a source of potential variation. Table 5 shows the wide variation between individual clinicians for a particular AVG. However, one way ANOVA showed that grade explained only 7.5% of the variation in time, and there was no significant correlation be- tween age and consultation time (r = 0.06; p=0.24). Because cost data are diYcult to collect, we explored the relation between consultation time and total cost. Clinician time costs accounted for 65% of total cost and there was a significant correlation between time and cost (r = 0.46; p=0.00). Nurse time and costs were collected for 141 hospital outpatient visits. There was no statistically significant relation between nurse time and consultation time (r = 0.03) nor visit cost (r = 0.08).
The visit type categories that we constructed displayed little variation in resource use. Most categories consumed similar resources, except for new attendances and follow up after procedure visits, which had slightly higher consultation times than other types of visit, and attendances for follow up after diagnostic assessment, which were slightly more costly than other types of visit. ANOVA showed that these categories could explain only 5.6% of the variation in consultation time and 7.6% of the cost variation.
Discussion
This study aimed to test to what extent AVGs and APGs could explain diVerences in outpatient consultation times and visit costs. AVGs were found to be capable of explaining a statistically significant amount of variation in both consultation times and costs, while APGs could not explain variations in times, but were better than AVGs at explaining cost variation. This finding is explicable by the nature and origins of the two systems. AVGs were constructed by primarily using clinician time as the measure of resource consumption, although other resources, such as selected ancillaries, were also taken into account. In contrast, APGs were developed for prospective reimbursement and used measures of total cost. The implication is that diVerent measures are useful for diVerent purposes. For AVGs and APGs, the r 2 figures compare well with studies conducted in the United States, where AVGs were found to explain approximately one third of cost variation. 15 16 The relation between consultation time and total visit cost was high; clinician time costs accounted for almost two thirds of total costs, suggesting that consultation time accounts for the bulk of resource use for most outpatient visits. This finding is diVerent from that of studies carried out in other specialties, 14 but it does confirm the expectations of Eye Infirmary staV who, before data collection, felt that nonclinical staV costs would be less important. For this specialty therefore, it is reasonable to assume that the statistical performance of both case mix measures can be judged by ability to explain diVerences in clinical staV time or visit costs.
On this basis however, the results seem to give mixed messages concerning the use of case mix. The total cost variance explained by APGs compares well with other studies and is higher than AVGs, which might suggest that APGs would be the system of choice for contracting and payment. Such a conclusion would be premature, however. First of all, the poor performance of APGs with respect to time suggests that, in ophthalmology, AVGs would be a better alternative for purposes other than contracting, such as clinical audit. Secondly, statistical performance is not the only criterion for choosing a system. An important point concerns the eVort required to use APGs on a routine basis. Because cases can be assigned multiple procedure APGs, the system requires the user to specify decision rules to generate payment incentives, for example to ensure that unnecessary procedures are not encouraged or necessary procedures discouraged. This adds a considerable degree of complexity to the system.
The evaluation of patient visit type categories as potential contract categories indicated that there was too little variation in resource use between the diVerent groups to warrant their use. This is important because such simple and convenient case categories would be an attractive prospect for outpatient contracting. It may be that it is possible to devise an approach that is halfway between this and a full case mix measure, as represented by AVGs and APGs, entailing aggregation of procedures into particular cost bands. For example, using the information from tables 1 and 2, procedures could be aggregated into two or three diVerent groups, with four expensive/new or review, inexpensive/new or review bands for nonprocedure cases. An advantage of this is that it would not require collection of diagnostic data. However, this needs further testing of the type that we have carried out.
An important set of findings is that the impact of clinical variation on consultation time and cost diVerences is significant; that the way that diVerent clinicians practice is as important in influencing the cost of an outpatient visit as diVerences between patients; that individual clinicians' consultation times and visit cost consistently diVer when confronted with cases of a similar type, as defined by AVG and APG; and that other factors that might influence clinician variability, such as patient age and clinician grade, in fact have little eVect. This further confirms the finding by Milne et al for rheumatology, 14 that variation in clinical practice is a very important influence on the management of NHS outpatient resources.
This demonstration of the importance of clinical variability does not mean, however, that the value of case mix measurement is reduced. On the contrary, our results show the power of case mix measures to show that such variability + Both measures explained significant levels of cost variation in ophthalmology outpatient visits.
+ There were significant diVerences in consultation times and costs between clinicians that was not explained by diVerences in case mix.
+ Existing measures may be useful for contracting and clinical audit, although data requirements are likely to preclude their routine use.
